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Recent Interest in LAr High Voltage (HV)

• Noble liquids are becoming a 
popular detector medium

• These often require HV

• As a result, there’s been a lot 
of interest in this recently

• In November 2013, FNAL 
hosted the “High Voltage in 
Nobel Liquids” workshop 
with ~40 attendees
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High Voltage Workshop Highlights

• Some highlights from the 
workshop included:

• Va’vra (SLAC):  measured 
resistivities at LXe 
temperatures; advocates using 
slightly conductive materials

• Pereverzev (LLNL):  Discussed 
monolayer ideas and tests

• Resnati (ETH Zurich):  R&D for 
Glacier (HV @ MV scale); (1 cm 
LAr dieletric strength test here)

• and more...  
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http://arxiv.org/abs/1401.2777
http://arxiv.org/abs/1401.2777
https://indico.fnal.gov/conferenceTimeTable.py?confId=7394%2320131108.detailed
https://indico.fnal.gov/conferenceTimeTable.py?confId=7394%2320131108.detailed
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High Voltage Workshop Highlights

• Also, uB colleagues at 
BERN have been involved 
on LAr HV R&D:

• ARGONTUBE:  5 m drift, 
uses Greinacher/
Cockcroft-Walton for HV 
(max stable 100 kV)

• Measured the dielectric

• Measuring electric 
strength of LAr vs. 
distance and purity 
(issue) (link)
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http://arxiv.org/pdf/1401.6693v1.pdf
http://arxiv.org/pdf/1401.6693v1.pdf
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Our Experience:  LAr Electric Strength

• This caught our eye because people 
were quoting ~1.4 MV/cm for the 
electric strength of LAr

• Upon closer inspection, this value 
seems to come from a measurement 
at very small distances using very 
small spheres
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Our Experience:  LAr Electric Strength

• This led us to try to measure the electric 
strength of LAr vs. distance at DAB this past 
summer

• caveat:  This is in an open dewar 
(impurities)
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07/02/13 Breakdown Voltage vs. Distance

• The breakdown voltage is 
indeed varying with distance

• → The breakdown is 
occurring through the LAr

• The different dates were 
meant to explore 
contamination effects

• The longer the argon 
was exposed to air, the 
more oxygen would 
diffuse in it
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Our Experience:  Long Bo HV

• We also supplied the HV for Long Bo

• Long Bo was a 2 m long drift TPC put 
in LAPD last year

• 2 m drift with 500 V/cm --> 100 kV

• FT was tested to 120 kV for a few 
hours (open dewar & power supply 
could not be left)

9
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Our Experience:  Long Bo HV

• We had a problem with Long 
Bo HV
• There was an incident the 

first time it was turned on 
(not the fault of the HV)

• The HV never held 100 kV 
for more than a few 
seconds after that

• We operated at lower 
voltages but still saw a trip 
every day or so

10

Not to scale or proper location by any stretch of the im
agination
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Our Experience:  Long Bo HV
• After a pump failure, we noted HV stability
• We eventually determined the HV stability is related to the purity of the LAr

11

Purity monitor can become saturated
Briefly trying a 
higher voltageLow Purity

HV relatively stable
Higher Purity
HV less stable

Less frequent turn ons 
here & lower voltages 
(early software did not 

have auto start)

Began bypassing filters 
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My Experience:  HVC at LArTF
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My Experience:  HVC at LArTF
• Sources have pointed to high field volume 

affecting the probability of breakdown

• A trend breakdown field strength 
decreasing with high field volume (LHe 
data)

• We want to do a series of measurements with 
tips of different sizes to determine how the 
breakdown voltage varies with 
different E fields (high field volume)

• We want to measure how the breakdown 
voltage is affected by purity

• Gas analyzers

• Purity monitor downstream
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What We Would Like To Do:  Finish First Phase

• I would like to:

• Measure effect vs. purity, distance, and high field volume (vary the probe 
shape)

• These results will be noteworthy in that

• The feedthrough works to the power supply limit (150 kV) (BERN 55 kV)

• We can vary distance (Resnati was fixed at 1cm)

• We can study the effects of high field volume (probe size)

17
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Additionally, We Would like to...
• Study the effects of additives on HV stability

• Stability vs. purity effects suggest that impurities might lead to HV stability

• PAB has a system to inject known amounts of impurities into a system

• Study the effect of surface material and conditions on electric discharge

• Is electropolishing necessary?  Other surface treatments...

• Test polarity effects

• It’s natural to ask how the results change if a +V is applied (instead of -V)

• (Positive supply is available onsite -- some logistic contortions are needed 
to free it)
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Light & Radioactivity

• How light affects HV

• We know UV light can trigger a breakdown (unpublished test with 
H.Jostlein)

• It’s sometimes mentioned that light could be a precursor for HV sparks

• The effect of radioactivity on HV

• Heavy particles such as neutrons or alpha particles are sometimes 
mentioned as the culprit for delayed breakdowns

19

Others do not seem 
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• I do not think the mechanisms or parameters for breakdown in LAr are well 
understood

• First, we intend to complete the study of breakdown voltage vs. distance

• vs. purity

• vs. configuration -- high field volume

• (eventually) surface

• These measurements have notable strengths over others’ endeavors

• FT performance 
• Range of movement 
• Range of purities 
• Probe shape

20
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In Closing (2/3)

• What we will need:

• To establish the system at the PAB:  Bringing the cryostat from LArTF

• Approximately $50,000 M&S:  cryogenic hardware, machining, welding

• Feedthroughs, condenser, internal filter, hook up to existing argon 
source, consultant, purity monitoring system, DAQ, hook up to gas 
analyzers, controls, camera

• 3 months tech ($40k); 1 month engineer ($25k)
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“It has only to do with 
the respect with which 
we regard one another, 
the dignity of men, our 
love of culture.  It has to 
do with those things.”
--R. Wilson, 1969.
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Study Bubbles and Temperature

• Study the effect of bubbles

• This is often mentioned as a breakdown 
mechanism/mode (electric strength of Ar 
gas is only ~1.6 kV/cm)

• Is the narrative actually true?  Bubbles do 
not always initiate a breakdown

• Study the temperature dependence

• Source of bubble = bad ?

• There is an idea that argon plates out 
on cold surfaces trapping impurities 
that lead to HV sparks:
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Study Delayed Breakdowns

• Study delayed breakdowns

• While testing the HV FT, we noted sometimes the FT would be stable for a 
number of days before observing a trip

• An idea was that cosmic showers were triggering the breakdowns

• We did an initial test of this at LAPD

• The counter had limited coverage 
(~35x35 scintillator ~12’ above the TPC)

• No correlation (lartpc docdb #1001)

• We could redo this test and easily 
improve the coverage

25
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Would like to study

• Surface conductivities in LAr

• These values do not seem to 
be listed anywhere

• A google check of 
“conductivity of g10 in 
liquid argon” brings up a 
Hans document as the first 
hit 

• I don’t know how to do this

26
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